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ABSTRACT

Extracellular matrix (ECM), as an important framework for tumor microenvironment, plays
important roles in many critical processes, including tumor growth, invasion, immune suppres-
sion, and drug resistance. However, few biomarkers of ECM-related genes (ERGs) have been
developed for prognosis prediction and clinical treatment of bladder cancer (BC) patients.
Bioinformatics analysis and LC-MS/MS analysis were used to screen differentially expressed
ERGs in BC. Multivariate Cox regression analysis and Lasso regression analysis were used to
construct and validate an ERGs-based prognostic prediction model for BC.
Immunohistochemistry was used to detect the protein expression of hub gene-COL6A1
in BC patients. Using bioinformatics analysis from The Cancer Genome Atlas (TCGA) database
and proteomic analysis from our BC cohort, we constructed and validated an effective
prognostic prediction model for BC patients based on four differentially expressed ERGs
(MAP1B, FBN1, COL6A1, and MFAP5). Moreover, we identified human collagen VI-COL6A1
was a hub gene in this prognostic prediction model and found that COL6A1 was closely
related to malignancy progression, prognosis, and response to PD-1 inhibitor immunotherapy
in BC. Our findings highlight the satisfactory predictive value of ECM-related prognostic
models in BC and suggested that COL6A1 may be a potential biomarker in predicting
malignant progression, prognosis, and efficacy of immunotherapy in BC.
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1. Introduction composed of extracellular matrix (ECM), soluble
molecules, and tumor stromal cells [4]. Among
them, ECM, as an important framework of TME,
plays important roles in many critical processes,
including tumor growth, invasion, immune sup-
pression, and drug resistance [5]. However, few

biomarkers of ECM-related genes (ERGs) have

Bladder cancer is one of the most common malig-
nant tumors in the urinary system, which directly
threatens human health and survival [1]. In recent
years, immune checkpoint inhibitor (ICI) immu-
notherapy has brought a new dawn to patients

with advanced and metastatic BC, while still facing
the difficulties of low response rates and a lack of
reliable prognostic predictors [2]. Therefore, it is
urgent and challenging to seek novel biomarkers
for the prediction of disease prognosis and
response to the immunotherapy in BC.

Recent studies have shown that the interaction
between tumor cells and the tumor microenviron-
ment (TME) is a necessary condition for the devel-
opment and progression of malignant tumors [3].
TME is a local internal environment in tumors

been developed for prognosis prediction and clin-
ical treatment of BC patients.

Here in this study, we innovatively combined
proteomic analysis from our BC cohort with
bioinformatics analysis from The Cancer
Genome Atlas (TCGA) database, constructed
and validated an effective prognostic prediction
model for BC patients based on differentially
expressed ERGs, making the research results
more accurate and reliable. Moreover, to our
knowledge, we first identified human collagen
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VI-COL6A1 was a hub gene in the ERGs-based
prognostic signature of BC and found that
COL6A1 was closely related to malignancy pro-
gression, prognosis, and response to PD-1 inhi-
bitor immunotherapy in BC.

2. Materials and methods

2.1 Data collection and differentially expressed
ERGs identification

RNA-seq expression and clinical information such
as gender, age, stage, T, N, M, overall survival
(OS), and survival status of BC patients were
downloaded from The Cancer Genome Atlas
(TCGA) database (https://tcga-data.nci.nih.gov/
tcga/). The TCGA cohort contains 414 BC patients
and detailed clinical characteristics are described
in supplementary Table 1. ERGs were identified by
screening from Molecular Signature Database
(MsigDB), and R software was used to identify
differentially expressed genes, with false discovery
rate (FDR) < 0.05 and |log2FC| > 1 as the selection
criteria.

2.2 Proteomic analysis by LC-MS/MS analysis

To further distinguish differentially expressed ERGs
at the protein level, tissue samples from 10 BC
patients who received radical cystectomy without
radiotherapy, chemotherapy, and neoadjuvant ther-
apy before surgery in the Affiliated Hospital of
Qingdao University were collected. All patients pro-
vided written informed consent before participation
and the research protocol was approved by the Ethical
Committee of the Affiliated Hospital of Qingdao
University.

Proteomic analysis was carried out by liquid
chromatography-mass spectrometry and mass
spectrometry (LC-MS/MS) analysis to analyze the
expression levels of various proteins in BC tissues
and normal tissues. It includes protein extraction,
trypsin digestion, HPLC separation, TMT/iTRAQ
labeling, LC-MS/MS analysis, database searches,
and bioinformatics methods. The threshold ratio
was set to 1.2 to distinguish between the up- and
down-regulated proteins in BC.

CELL CYCLE (&) 611

2.3 Construction of ERGs-based prognostic
prediction model

R software package “survival” was used to per-
form univariate Cox regression analysis to deter-
mine the prognosis-related ERGs. These genes
were included in a Lasso-Cox model for cross-
validation to establish an ERGs-based prognostic
signature. The risk score was calculated with
“glmnet” R-package, and patients in the cohort
were divided into high- and low-risk groups
based on the median risk score. Kaplan-Meier
analysis was used to compare the overall survival
(OS) of high- and low-risk BC patients. The
accuracy of the signature was determined by
the area under ROC curve (AUC) values.
Furthermore, patients with complete informa-
tion on clinical characteristics were selected to
assess the independence of the signature in
prognosis prediction. Differential analyses of
the risk score between subgroups of each clin-
icopathological parameter were performed using
the Wilcoxon test to examine the effect of the
signature on tumor progression.

2.4 Identification and validation of the hub gene

Differentially expressed ERGs were further put into
the Search Tool for the Retrieval of Interacting Gene
(STRING, https://string-db.org/) to construct pro-
tein—protein interaction (PPI) networks. Cytoscape
was used to screen the PPI network and identify the
hub gene in the PPI network. Then, the TCGA BC
cohort (TCGA-BLCA) and GEO BC cohort
(GSE13507) were further used to validate the corre-
lation between the hub gene expression and prog-
nosis in BC patients.

2.5 Immunohistochemistry (IHC)

Tissue samples were collected from 71 patients with
primary BC who wunderwent surgery from
January 2017 to December 2021 and 58 patients
with advanced or metastatic BC who received immu-
notherapy of PD-1 inhibitor (Tislelizumab) from
January 2020 to December 2021 in the Affiliated
Hospital of Qingdao University. Informed consent
was acquired from all patients, and the research
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Table 1. Correlation between clinicopathological features and COL6A1 expression of the 71 BC patients in our cohort.

COL6AT expression

Clinical features Total:71 ( % ) negative positive P-value
Age <60 35(49.29%) 9 26

260 36(50.70%) 12 24 0.48171
Gender Male 49(69.01%) 17 32

Female 22(30.98%) 4 18 0.15865
T T1-T2 55(77.46%) 15 40

13-T4 16(22.53%) 6 10 0.43031(T1-2 vs. T3-4)
N NO-N1 51(71.83%) 13 38

N2-N3 20(28.16%) 8 12 0.22821(NO-1 vs. N2-3)
M Mo 53(74.64%) 19 34

M1 18(25.35%) 2 16 0.04693

protocol was approved by the Ethics Committee of
the Affiliated Hospital of Qingdao University. In the
cohort of 71 BC patients, no patients received adju-
vant chemotherapy, radiotherapy, or immunother-
apy before surgery, and follow-up was performed
every 3 months in the first year, every 6 months for
the next 2 years and once per year thereafter. All
clinical information is summarized in Table 1. In
the cohort of 58 patients treated with Tislelizumab,
Tislelizumab monotherapy (200 mg, every 3 weeks)
were used for treatment in 28 patients, whereas 30
patients received a combination of Tislelizumab plus
platinum-based chemotherapy. Tumor responses
were assessed according to the immune-modified
Response Evaluation Criteria in Solid Tumors
(iRECIST 1.1) and included complete response

(CR), partial response (PR), stable disease (SD),
and progressive disease (PD). ORR was defined as
the proportion of the sum of CR and PR in the total.
DCR was defined as the proportion of the sum of
CR, PR, and SD in the total. All clinical information
is summarized in Table 2.

Paraffin-embedded tissue sections were incu-
bated with COL6A1 polyclonal antibody
(Proteintech Company, Chicago, USA) overnight
after deparaffinization and microwave antigen
retrieval. Immunostaining was performed by
the avidin-biotin peroxidase method and coun-
terstained with hematoxylin. Each sample was
scored by two independent pathologists. Five
fields of view were randomly selected and clas-
sified according to the degree of staining (0:

Table 2. Clinical information, efficacy evaluation, and COL6A1 expression of the 58 BC patients treated

with Tislelizumab in our cohort.

COL6A1 expression

Clinical features Total:58 ( % ) low high P-value
Age <60 15(25.86%) 5 10
>60 43(74.13%) 8 35
Gender Male 39(67.24%) 8 31
Female 19(32.76%) 5 14
T T 0(0%) 0 0
T2 7(12.07%) 0 7
T3 30(51.72%) 9 21
T4 15(25.86%) 3 12
Tx 6(10.34%) 1 5
N NO 7(12.07%) 0 7
N1 2(3.45%) 0 2
N2 21(36.21%) 6 15
N3 5(8.62%) 2 3
Nx 23(39.66%) 5 18
M MO 0(0%) 0 0
M1 55(94.83%) 1 44
Mx 3(5.17%) 2 1
Efficacy CR 2(3.45%) 1 1
PR 14(24.14%) 6 8
SD 29(50.00%) 4 25
PD 13(22.41%) 2 1" 0.04852*

Note: *: Wilcoxon rank-sum test between COL6A1 high- and low- expression groups(z=—1.973).



negative staining, 1: pale yellow, 2: light brown,
3: dark brown) and the percentage of staining (0:
0%, 1: 1-25%, 2: 26-50%, 3: 51-75%, 4: 76—
100%). The final score was the multiplication
of the two scores and score =8 was considered
positive.

3. Results

3.1 Identification of differentially expressed
ERGs and construction of ERGs-based prognostic
model for BC

To investigate the correlation between ERGs and
prognosis of BC patients, preliminarily
screened out 225 differentially expressed ERGs
between 414 BC tissues and 19 normal tissues
from TCGA database and finally identified 71
differentially expressed ERGs in the protein
expression level by LC-MS/MS proteomic analysis
and the protein expression information is sum-
marized in supplementary Table 2. Univariate
Cox regression analysis showed that 24 differen-
tially expressed ERGs ( NCAM1, MAPI1B,
FBN1, COL6A1l, HSPG2, CSPG4, COL6A3,
GPX3, COL6A2, MFAP5, LUM, LAMA4, VCL,
TNXB, DCN, OGN, CES1, ITGAIl, SGCE,
DPYSL3, SPONI1, DPT, ANXA6, COL14Al)
had significant prognostic value in BC (P <0.05).

we

a Survival curve (p=1.369e-05)

1.0

—— high risk
— low risk

0.8

Survival rate
0.4 0.6

0.2

0.0

Time (year)
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Multivariate Cox and lasso regression analysis was
used to construct a prognostic model, which con-
tained four ERGs (MAP1B, FBN1, COL6A1, and
MFAP5) and the coefficient of prognostic risk score

as  follows:(0.0239xMAP1B’s  expression level)
+(0.0045xFBN1”s expression level)
+(5.11199876083267e-05xCOL6A1”s expression
level)+(0.0017xMFAP5’s  expression level). The

K-M survival curve showed that the ERGs-based
prognostic model was closely related to the OS of BC
patients (p <0.001) (Figure la). Patients with high-
risk scores had a significantly shorter 5-year survival
rate than patients with low-risk scores. ROC curve
analysis showed that the AUC was 0.641, which indi-
cated a superior predictive accuracy of the prognostic
model (Figure 1b).

The heat map indicated that the risk scores of
the model were closely related to tumor grade, T,
and N in BC patients (Figure 2a). We then assess
the prognostic values of ERGs-based prognostic
model and clinical characteristics using univariate
and multivariate Cox regression. Univariate Cox
regression analysis showed that age, grade, T, N,
and significantly associated
with BC survival (Figure 2b). Multivariate Cox
regression analysis confirmed that the ERGs-
based prognostic model was an independent
prognostic factor for BC (P < 0.001) (Figure 2c).

risk score were

ROC curve (AUC = 0.641)

0.6 0.8 1.0
1 I

True positive rate

0.4

0.2
1

0.0
L

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

Figure 1. The risk survival curve of the model based on the 4 ECM differentially expressed genes was closely related to the overall
survival rate, and the survival rate of the high-risk group was worse than that of the low-risk group (p = 1.369e-05)(a). The ROC curve
was established based on the model constructed by the 4 ECM differentially expressed genes, and the area under the curve (AUC)

was 0.641(b).
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Figure 2. Based on the ECM differential expression gene, the model risk grouping and clinical correlation thermograms showed that
the 4 genes with high expression had high risk and were closely related to T stage, N stage and grades of BC. *P <0.05; **P <0.01;
***p <0.001(a). Univariate Cox regression analysis showed that age, grade, T stage, N stage and model risk score were significantly
correlated with survival rate of BC: age (HR=1.029, CI:1.001-1.058, p < 0.05), stage (HR =1.778, Cl:1.243-2.543, p < 0.05), T stage
(HR=1.696, Cl:1.149-2.504, p < 0.05), N stage (HR =1.547, Cl:1.177-2.033, p < 0.05), model risk score (HR = 2.325, Cl:1.542-3.506, p
< 0.05) (b). Multivariate Cox regression analysis showed that the score was an independent risk factor for predicting the prognosis
of BC (HR =2.462, Cl:1.537-3.944, P < 0.05) (c).
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Figure 3. The STRING database showed that COL6A1 was a hub gene in protein—protein interaction network analysis (PPI) (a).
COL6A1 was highly expressed in BC tissues, and COL6AT expression was significantly higher in tumor tissues than in normal tissues
in TCGA-BLCA cohort and GSE13507 cohort (p = 1.355e-04) (b). Survival analysis showed that the overall survival rate of patients with
high COL6AT expression in TCGA-BLCA cohort and GSE13507 cohort was poor (P = 0.044) (c).



3.2 COL6A1 was a hub gene in the differentially
expressed ERGs of BC

To explore the interaction of 24 differentially expressed
ERGs in BC, the STRING database was used to con-
struct the PPI network and Cytoscape was used to
screen and identify the hub gene. We found that
COL6A1 was the hub gene in the PPI network of 24
differentially expressed ERGs in BC (Figure 3a). We
then validated the correlation between COL6A1 and
prognosis in the TCGA-BLCA and GSE13507 cohort.
The results showed that COL6A1 was highly expressed
in BC tissue compared with normal bladder tissue
(Figure 3b) and patients with high expressions of
COL6AL1 had a significantly worse OS rate compared
to patients with low expressions of COL6A1 (p=
0.044) (Figure 3c).

3.3 COL6A1 expression was correlated with
clinicopathologic outcomes and prognosis of BC

We further validated the protein expressions of
COL6A1 in 71 BC patients from our cohort by
IHC and observed that COL6A1 was aberrantly
expressed in 70.42% (50/71) of BC tissues
(Figure 4). To evaluate the role of COL6A1 expres-
sion in BC, the correlations between COL6A1
expression and clinicopathological features were
analyzed and summarized in Table 1. We found
that COL6A1 expression had no association with
age, gender, and T and N stages. However, the
expression of COL6A1 in metastatic BC tissues was
significantly higher than that in non-metastatic BC
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Figure 5. K-M survival analysis in our BC cohort showed that
the overall survival time of COL6A1 high-expression group was
poor (p =0.034).

tissues, indicating that COL6A1 may play an impor-
tant role in the metastasis of BC (Figure 4c-d).
Furthermore, after dividing 71 BC patients into
high- and low-expression groups according to the
median COL6AL1 expression level, the K-M survival
analysis showed a worse OS in the high-expression
group than that in the low-expression group (p =
0.034), demonstrating that COL6A1 has potential
value in predicting the prognosis of BC (Figure 5).

3.4 High expression of COL6A1 predicted poor
response to PD-1 inhibitor immunotherapy in BC

To evaluate the possible predictive value of
COL6AL1 on clinical response to PD-1 inhibitor

AR R R

AL NI

Figure 4. The protein expression levels of COL6A1 in our BC and normal tissues. Immunohistochemical staining results: a-normal
tissue; b- positive staining; c-not metastatic tissues; d- distant metastasis tissues (antibody 17,023-1-AP, Proteintech Company,

Chicago, USA).
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immunotherapy in BC, COL6A1 protein expres-
sions were detected in 58 patients with advanced
or metastatic BC who received Tislelizumab
immunotherapy. There were 2 cases of CR, 14
cases of PR, 29 cases of SD, and 13 cases of PD.
Interestingly, we found that the ORR was 53.8%
and DCR was 84.6% in the low-expression group
of COL6A1, while the ORR was 20% and DCR was
75.6% in the high-expression group of COL6AL.
Fisher’s precision probability test showed that
there was a significant statistical difference in
ORR between the two groups (p =0.031), but not
in DCR (p=0.711), suggesting that BC patients
with high expression of COL6A1 had poor
response to PD-1 inhibitor immunotherapy in
the short-term curative effect and COL6A1 could
be used as a potential predictor for clinical
response to PD-1 inhibitor immunotherapy in BC.

4. Discussion

In recent years, studies have shown that ECM is
a complex microenvironment composed of many
biomolecular frameworks, which regulates the
growth and function of tumor cells in different
ways. At the same time, tumor cells can also
remodel and modify ECM by abnormally expres-
sing oncogenes to facilitate its growth, invasion,
and metastasis [6-9]. Thus, ECM remodeling is
considered to be one of the characteristics of
aggressive malignant tumors [10]. In this study,
we innovatively combined proteomic analysis
with bioinformatics analysis and constructed
a prognostic prediction model for BC patients
based on differentially expressed ERGs. Our find-
ings highlighted the satisfactory predictive value of
ECM-related biomarkers and prognostic models
in BC.

The proteins in the ECM are mainly composed
of collagen, fibronectin, laminin, hyaluronic acid
[11]. Human collagen VI(COL6A1) is one of the
most important ECM proteins, which consists of
three main polypeptide chains (al, a2, and a3)
encoded by different genes, and the COL6A1
gene encodes the al polypeptide chain, often
involved in tumor cell growth and metastasis
[12]. COL6A1 can contribute to the construction
of local ECM microenvironment by forming
a discrete network of bead-like microfilaments

that interact with other ECM molecules, thus
enhancing the extension, penetration, and inva-
sion of tumor cells [13]. It has been demonstrated
that COL6A1 can activate multiple downstream
signal pathways including JAK-STAT signal path-
way, MAPK signal pathway, NOTCH signal path-
way, p53 signal pathway, VEGF signal pathway,
and WNT signal pathway, to promote tumor cell
proliferation by interaction with other ECM recep-
tors [14-17]. Previous studies have shown that
a high expression of COL6A1 was closely related
to the metastasis and poor prognosis of patients
with lung cancer, clear cell renal cell carcinoma,
prostate cancer, cervical cancer, and so on [18-21].
In this study, we identified COL6A1 as a hub gene
in the ERGs-based prognostic signature of BC and
confirmed that COL6A1 was an important prog-
nostic risk gene in BC, which was closely related to
the malignant progression and prognosis of BC.
However, further studies are still warranted to
illuminate the specific role and mechanisms of
COL6AL1 in BC.

Another interesting finding in this study was that
high expression of COL6A1 predicted poor
response to PD-1 inhibitor immunotherapy in BC.
It has been demonstrated that ECM can participate
in tumor immunosuppression by inhibiting tumor
cell death and interfering with tumor antigen pre-
sentation, recognition, activation, migration, and
killing activity of effector T cells [17]. Moreover,
recent studies have shown that tumor-associated
ECM is one of the major barriers to successful
cancer immunotherapy and targeting tumor-
associated ECM has great potential in the growing
field of combination immunotherapy for cancer
[22,23]. Thus, our study highlights the potential
value of COL6A1 in predicting clinical response to
PD-1 inhibitor immunotherapy for BC.

There are still some limitations in our study.
Firstly, the number of patients in this study
cohort is insufficient, especially those receiving
immunotherapy, which needs to be further ver-
ified in more data. Secondly, our study only
focused on the expression and prognostic value
of COL6AL1 in patients with BC. Further studies
are needed to clarify the mechanism of COL6A1
involved in malignancy progression, metastasis,
and response to PD-1 inhibitor immunotherapy
in BC.



5. Conclusion

COL6A1 may be a potential biomarker in predict-
ing malignant progression, prognosis, and
response to PD-1 inhibitor immunotherapy in BC.

Key messages

(1) COL6A1 was highly expressed in BC tissue
compared with normal bladder tissue and
patients with high expressions of COL6A1
had a significantly worse OS rate compared
to patients with low expressions of
COL6A1L;

(2) The expression of COL6A1 in metastatic BC
tissues was significantly higher than that in
non-metastatic BC tissues, indicating that
COL6A1 may play important role in the
metastasis of BC;

(3) Fisher’s precision probability test showed
that there was a significant statistical differ-
ence in ORR between the two groups (p =
0.031), suggesting that BC patients with
high expression of COL6A1 had poor
response to PD-1 inhibitor immunotherapy
in the short-term curative effect and
COL6A1 could be used as a potential pre-
dictor for clinical response to PD-1 inhibi-
tor immunotherapy in BC.
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